The arrival time differences between high and low energy photons are defined as spectral lags. Many authors have reported a positive correlation between spectral lag and luminosity in both observer and source frames for samples of BATSE and Swift GRBs. We have extracted spectral lags of Fermi GBM bursts in eight source-frame energy bands. Our sample contains 37 GRBs with measured redshifts in the range z = 0.49 − 8.26. We find that the lag -luminosity and lag -E pk relations follow a trend similar to that established by the Swift data.
PoS(GRB 2012)026
Introduction
Spectral lag is defined as the difference between arrival times of high-energy and low-energy photons and considered positive when high-energy photons arrive earlier than low-energy ones. There exists an anti-correlation between spectral lag and the peak luminosity of GRBs [7, 2, 4, 9, 1] .
In this work, we have extracted spectral lags of Fermi GBM bursts in eight source-frame energy bands. The energy range of these data is considerably larger than those of previous data. Our sample contains 37 GRBs with measured redshifts in the range 0.49 -8.26. The source-frame energy bands were obtained by projecting variable observer-frame bands to the source-frame [10] .
Methodology
Light Curve Extraction: Background-subtracted light curves were created from the High Time-resolution Time-Tagged Event (TTE) data using the brightest detections combined from NaI and BGO detectors. Background subtracted light curves were extracted for various observer-frame energy bands depending on burst redshift. The fixed source-frame energy bands were selected based on the detectable energy ranges of the NaI and BGO detectors of the Fermi -GBM Instrument (see Table 1 ). Cross Correlation Function: The CCF method, described in [9] , was used to calculate spectral lags. In this method, spectral lags are determined by fitting the global maximum in the cross correlation function by a Gaussian function. The CCF between energy channels x and y is defined as:
where, time delay is given by τ = d × time bin size. Using Band function parameters α, β , E p , and observed flux in a given energy band, E min and E max , we also calculated luminosities for 34 long and 3 short GRBs. Uncertainties were calculated using Monte Carlo simulations.
Results
Lag -Luminosity relation: We have obtained positive lag values for 12 long and one short GRBs. The short GRB (GRB 090510A) has a small lag value for bands 1 and 2. This is consistent with what is already known [8, 11] i.e., short GRBs tend to have either small or negligible lag values. In the left panel of Fig. 1 , spectral lags and isotropic peak luminosities are plotted in a log-log scale. Black circles represent the lags calculated between Fermi/GBM source frame energy band 100 -150; 200 -250 keV and red circles represent the spectral lags between Swift source frame energy bands 100 -150; 200 -250 keV calculated by [10] . The solid line shows the best-fit power law fit.
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Fermi Spectral Lags log L iso erg s −1 = (55.13 ± 0.13) − (1.4 ± 0.06) log lag/ms 1 + z (3.1)
Best-fit power-law indices for each band are consistent with source frame results of [10] . Source frame peak energy E pk (1 + z)) vs. spectral lag; dashed line represents best fit. Source frame E pk values were taken from [3] .
Lag -E pk relation: Spectral lags and source frame peak energy E pk are plotted in the right panel of Fig. 1 . The lags are calculated for Fermi/GBM source frame energy Band 1, Band 2 and Band 3. The solid line represents the best fit. Source frame E pk values were taken from [3] . The best-fit gives the following relation between E pk (1+z) and Lag/(1+z) for Band 1;
The best-fit slope of -0.49 ± 0.02 for Band 1 is consistent with the results of [10] . Evolution of lag vs energy: We have selected five bright GRBs from the sample in order to see the evolution of lag as a function the source frame energy. The energy bands that we used to extract light curves cover both NaI and BGO ranges. We projected them to the observer frame energy bands using the redshift of each burst. Then, we calculated spectral lags of first band with
Fermi Spectral Lags respect to the other bands (left panel of Fig. 2 ). According to prediction of the curvature model by [5] , the value of spectral lag is expected to be either constant or zero beyond the value of E pk . While GRB 080916009, GRB 090926181, GRB 0900510016 seem to be consistent with this prediction, GRB 081222204, and GRB 080916353 appear to contradict it.
Lag -variability relation: Employing a fast wavelet technique, [6] , obtained a minimum variability timescale (MTS) for a sample of long and short GRBs. Using this timescale, we investigated the lag -variability relation in the source frame for band1 (right panel of Fig. 2) . Our results show that there is a positive correlation between MTS and spectral lag.
Conclusions

